The rice transcription factor IDEF1 directly binds to iron and other divalent metals for sensing cellular iron status.
Iron is essential for most living organisms and its availability often determines survival and proliferation. The Oryza sativa (rice) transcription factor IDEF1 plays a crucial role in regulating iron deficiency-induced genes involved in iron homeostasis. In the present report, we found characteristic histidine-asparagine repeat and proline-rich regions in IDEF1 and its homolog in Hordeum vulgare (barley), HvIDEF1. An immobilized metal ion affinity chromatography assay revealed that IDEF1 and HvIDEF1 bind to various divalent metals, including Fe(2+) and Ni(2+) . Recombinant IDEF1 protein expressed in Escherichia coli contained mainly Fe and Zn. This metal-binding activity of IDEF1 was almost abolished by deletion of the histidine-asparagine and proline-rich regions, but DNA-binding and trans-activation functions were not impaired by the deletion. Transgenic rice plants constitutively overexpressing IDEF1 without these metal-binding domains failed to cause pleiotropic effects conferred by overexpression of full-length IDEF1, including a low germination rate, impaired seedling growth, tolerance to iron deficiency in hydroponic culture, and enhanced expression of various iron deficiency-inducible genes. Impairment of the transcriptional regulation of IDEF1 by deletion of the metal-binding domains occurred primarily at an early stage of iron deficiency. These results suggest that the histidine-asparagine and proline-rich regions in rice IDEF1 directly bind to divalent metals and sense the cellular metal ion balance caused by changes in iron availability.